The objective of our study was to compare the intake and digestibility of dry matter and nutrients, and the nitrogen balance, of lambs fed extruded ration with different roughage (R) to concentrate (C) ratios. The experiment was carried out at the Federal University of Uberlândia (UFU), Experimental Farm Capim Branco, from 7 December 2016 to 6 January 2017. Ten lambs (Santa Inês × Dorper) aged between four and five months, and with a mean weight of 25.9 ± 2.8 kg, were used. The animals were placed in metabolic cages equipped with a feeder, drinking fountain, and salt shaker, and which had a wooden slatted floor. The treatments consisted of extruded ration with 30R:70C or 70R:30C. Treatments were distributed in a randomised, complete block design, with each treatment being performed twice and with ten replications. The experiment was carried out in two blocked stages. Differences in the means of treatments were evaluated by Tukey's test at a significance level of 5%. Intake and digestibility of dry matter and nutrients, water intake by animals, and nitrogen balance were also analysed. The 30R:70C treatment resulted in a lower intake of dry matter, crude protein, neutral detergent fibre, acid detergent fibre and hemicellulose, and caused higher dry matter and neutral detergent fibre digestibility. The 30R:70C treatment also resulted in a lower intake and faecal excretion of nitrogen, consequently establishing a higher ratio between retained and ingested nitrogen. In conclusion, the ration with 30R:70C results in lower intake, and better utilisation of nutrients by the animal.
Introduction
Nutrition is fundamental for the survival, maintenance, and development of all living things. In animals, it is important that nutrition is adequate and balanced, in order to meet their nutritional requirements for maintenance and production.
To ensure that an animal receives a quality feed that meets its requirements, it is necessary to study the intake and digestibility of food. These factors have a high correlation with dry matter intake and with efficiency in the absorption and utilisation of nutrients (ZANINE; MACEDO JÚNIOR, 2006) , and are thus important in determining feed quality.
In ruminants, of the nutrients required for maintenance, growth and/ or production, energy (mainly in the form of cellulose and hemicellulose) is the main contributor. Therefore, to fully evaluate the nutritional value of food, it is necessary to consider its bromatological composition along with the effects of intake, digestion, absorption, and metabolism of the animal (LEITE, 2013) .
The ingredients of diets, as well as their respective digestibilities, are very important factors in the determination and regulation of dry matter intake. The intake of high-fibre diets is controlled by physical factors such as ruminal filling and digestion rate (CONRAD et al., 1984; MERTENS, 1987) , whereas the consumption of diets with high levels of concentrate (high energy density) is controlled by the energy demands of the animal and by metabolic factors ( VAN SOEST, 1994) . One way to ensure that an animal receives the amount of nutrients necessary to achieve the nutritional requirements of its category, and reach its expected productivity, is by the definition of an adequate roughage to concentrate ratio in its diet.
To increase the efficiency of a diet, one can use ration processing, for example, food extrusion. The extrusion process changes raw materials through a combination of heat, humidity and pressure, and modifies the intake and digestibility characteristics of nutrients (e.g. starch, proteins and fibres). Andrigueto et al. (1981) have stated that extrusion improves the palatability of rations, which, together with its ease of uptake, can reduce dry matter intake. As extrusion is a process that involves high temperatures and short processing times, nutrient loss is reduced; cooking also improves product digestibility due to protein denaturation and starch gelatinisation.
The objective of this work was to compare the effect of two roughage to concentrate ratios (30R:70C and 70R:30C) in extruded feed, on the intake and dry matter digestibility of nutrients by growing lambs.
Material and Methods
The experiment was carried out at the Federal University of Uberlândia (UFU), Experimental Farm Capim Branco, in the city of Uberlândia, Minas Gerais. The experimental period was from 7 December 2016 to 6 January 2017. The experimental protocol of this study was approved by the Ethics Committee on Animal Use (ECAU) of UFU under number 139/16.
Ten crossbred lambs (Santa Inês × Dorper) aged between four and five months and with initial mean weights of 25.9 ± 2.8 kg were used in this study. All animals were weighed and dewormed with Levamisole and Monepantel on the first day of the experiment. They were then placed in metabolic cages that were equipped with a feeder, drinker, and salt shaker, and that had a slatted floor and a structure to separate and collect faeces and urine. The cages were located in a masonry shed.
The experimental diet was composed of extruded ration suitable for growing lambs, with roughage and concentrate in the same pellet. The fibrous part of the ration was composed of forage from the genus Urochloa, and the concentrate was composed of corn bran, bran soy, starch, minerals and monensin. Treatments were divided according to the roughage to concentrate ratio of the diet, these being 70% roughage and 30% concentrate (70R:30C) or 30% roughage and 70% concentrate (30R:70C). The bromatological composition of each treatment is shown in Table 1 . The experiment was divided in two phases of fifteen days each. Within each phase the first ten days were used for the adaptation of the animals to the diets, and in the remaining five days leftovers (food and water), faeces and urine were collected for the evaluation of treatment digestibility. At the end of the first 15-day phase, the animals were changed between treatments, and a second phase of adaptation and data collection was carried out. The animals were weighed at the beginning and end of each collection period in order to calculate food intake in relation to body weight and average weight.
The extruded ration was given twice a day, at 08h00 and 16h00, and was weighed immediately before being supplied using a five gram precision scale. Leftovers were measured, and whenever this value was equal to zero, the quantity of ration supplied was increased until a surplus equivalent to 10% of the offered food was reached. The calculation of dry matter intake (DMI) was obtained by calculating the difference in offered to leftover food.
Faeces in the natural matter were weighed daily using a five gram precision scale. The faecal score was also evaluated, according to the scale proposed by Gomes (2008) : (1) the faeces are dry and lacking glow; (2) the stool is normal; (3) the stools are slightly softened; (4) the faeces are softened, misshapen and glued together (grape cluster); (5) the faeces are softened and unformed (swine faeces); and (6) the stools are diarrhoeal.
Samples of leftovers and faeces were collected daily and homogenized to create a composite sample. These composite samples were stored in horizontal freezers at -15 °C until further analysis. Subsequently, the samples were pre-dried in a forced circulation oven at 55 °C for 72 hours. The samples were then ground in a Willey-type mill with 1 mm particles. The contents of the samples were measured as follows: dry matter of leftover and faeces samples at 105 °C for 24 hours; crude protein (CP), according to the methodology described in protocol 954.01 of the AOAC (1990); mineral matter (MM) according to the methodology described in protocol 942.05 of the AOAC (1990); neutral detergent fibre (NDF), acid detergent fibre (ADF), and ash corrected neutral detergent fibre (NDFac) according to methodology described by Van Soest et al. (1991) . The crude protein intake (CPI), neutral detergent fibre intake (NDFI), acid detergent fibre intake (ADFI) and dry matter intake (DMI) were calculated using the difference between offered and leftover rations. The hemicellulose intake (HEMI) was calculated using the difference between ADFI and NDFI. From these chemical analyses it was possible to calculate the final dry matter intake, contents, and apparent digestibility of the nutrients using the formulas proposed by Maynard et al. (1984) .
Water intake was calculated based on the difference between the volume of offered and leftover water. Each day a standard quantity of six litres of water was offered to each animal, and more water was given when necessary. An additional bucket of water was used to control for evaporation during each 24 hour period; six litres were added to this bucket each day, and then the next day the remaining water was measured. The amount of water that evaporated from this control bucket was deducted from the water consumption of each animal.
Total urine was collected using plastic buckets, covered with screens to avoid contamination with hairs, rations and faeces, and placed below the metabolism cages. 100 mL of 2N sulphuric acid (H 2 SO 4 ) was added to each bucket to avoid the volatilization of nitrogen (N) as well as possible microbial fermentation in the environment. Urine collection was performed daily, in the morning. Total urine volume was measured using a graduated test tube (plastic) with 20 mL precision, and urine density was determined through a Megabrix® manual refractometer. In each experimental period, samples representing 20% of the total urine collected were deposited in a plastic bottle, duly identified by animal, and stored in a freezer at -15 °C for further analysis. The N content of the urine was calculated by the Kjeldahl method (SILVA; QUEIROZ, 2002).
The balance of N, or nitrogen retained (NR), was obtained using the formula: NR (in grams) = [(N provided -N of the leftovers) -(N in the faeces + N in the urine)] as described by Zeoula et al. (2006) . Subsequently, the N intake (NI) and the relationship between N retained and N ingested (NRET/ NING) were calculated using the formulas: NI (in grams) = N provided -N of the leftovers, and NRET/ NING = NR/ NI. The experiment comprised a randomised block design with two treatments and ten replications per treatment, and was carried out in two blocked stages. The means of each treatment were evaluated by Tukey's test at a significance level of 5%. Faecal score means were evaluated by the Kruskal and Wallis (1952) non-parametric test. For all variables, the normality and homogeneity of the data were tested.
Results and Discussion
This study found that animals fed the extruded ration with lower fibre content (30R:70C) had lower dry matter intake (DMI) as a percentage of body weight and metabolic weight, and higher dry matter digestibility (DMD, Table 2 ). The mean DMI was 1.10 kg day -1 , which is within National Research Council (NRC) recommendations for the animal category analysed (1.0-1.3 kg day -1 (NRC, 2007) ). The DMI value in relation to body weight (DMI% BW) recommended by the NRC (2007) is 3.51%, so the values found in this study were 4.84% and 23.36% higher than recommended values, for the 30R:70C and 70R:30C treatments respectively. DMI can be metabolically regulated according to the energy requirements of the animal. When a diet does not have sufficient neutral detergent fibre (NDF) to limit consumption physically, dry matter intake is regulated to meet the metabolic requirement of energy. That is, if a diet has higher amounts of energy and protein than are required for maintenance and production, physiological mechanisms can act to depress appetite and consequently reduce the consumption of food (OLIVEIRA et al., 2017) . This may explain the lower DMI observed in the animals that received the diet containing the higher content of concentrate.
Another important metabolic mechanism in DMI regulation is the control of osmotic pressure within the rumen (SUAREZ, 2014) . The passage of carbohydrates (monosaccharides or disaccharides) into cells occurs through active transport, that is, it occurs with energy expenditure and against the concentration gradient (KOZLOSKI, 2011). More concentrated diets have a higher particle density, and the higher the concentration of solutes, the higher the osmotic pressure required to maintain solutes inside the cell. As a result, there is a greater exposure of the dietary matrix to the microorganisms of the rumen, which accelerates fermentation, increases digestibility and reduces DMI.
Furthermore, it is possible to explain the difference in DMI of the study animals according to the fermentative characteristics of fibrous and non-fibrous carbohydrates. The ration used for both treatments had fibre particles of 2 mm; this provides a greater capacity of fermentation in the rumen. However, the composition of the treatments was different, in that the 70R:30C treatment contained a greater amount of fibrous carbohydrates. The fermentation of fibrous carbohydrates, particularly cellulose and hemicellulose, is slower because they are more complex structures, thus, animals fed the 70R:30C ration would have had to increase their consumption to meet their nutritional requirements. In contrast, as the 30R:70C treatment had a greater amount of concentrate, and consequently of starch (a structure that is rapidly fermented in the rumen), the DMI of animals in this treatment was reduced. The higher the amount of concentrate in the diet, the higher the digestibility of its nutrients -because concentrated foods contain a lower amount of neutral detergent fibre (NDF) and a higher amount of non-fibrous carbohydrates (NFC), the latter being more rapidly fermented in the rumen (CABRAL et al., 2006) .Therefore, a lower DMI would be needed to meet the nutritional requirements of animals fed ration that was high in concentrate.
The granulometry of feed influences its rate of passage and ruminal fermentation. Diets finely ground or with a high content of concentrate have a higher density of particles and a high degree of fermentation. Therefore they remain in the most liquid strata of the rumen, where they disappear in the ruminal stratification because of their high fermentability (OLIVEIRA et al., 2013) . In this case, the lower retention time of the digesta and the higher digestibility of the nutrients results in an increased production of volatile fatty acids. In diets with digestibility values lower than 66%, food intake is determined by physical factors related to the physical distention of the rumen-reticulum. However, in diets with digestibility values greater than 66%, food intake is controlled by physiological factors -such as the energy or nutritional balance of the diet (CONRAD et al., 1964; MERTENS, 1994) .
In support of this theory, animals fed the extruded ration with 70% concentrate had a DMD of greater than 73% when metabolic regulation of food intake occurred, with the DMD of the 30R:70C treatment being approximately 17% higher than the DMD of the 70R:30C treatment. Henrique et al. (2003) found an average DMD of 71.8% using a diet with 80% concentrate (corn bran meal, soybean meal and pelleted citrus pulp) for growing crossbred lambs. In contrast, the animals fed the extruded ration containing 70% roughage presented a DMD value of approximately 61%. Since the particle size of the ration was reduced, there is no ruminal filling effect, however, the composition of the ration was higher in fibrous carbohydrates in relation to nonfibrous carbohydrates (Table 1) . This can explain the necessity of a higher DMI to meet the nutritional requirements of the animals fed the 70R:30C diet. Ustuner et al. (2012) worked with extruded concentrate (corn, barley, sunflower meal, soybean, wheat, and rice) and alfalfa hay in lambs, and found a DMD of 84.8% ± 0.5 -higher results than those obtained here.
The higher intake of crude protein (CPI), neutral detergent fibre (NDFI), acid detergent fibre (ADFI), and hemicellulose (HEMI) recorded in the 70R:30C treatment can be explained by dry matter intake also being higher in this treatment ( Table 2 ). The same relationship can be seen in the digestibility of neutral detergent fibre (NDFD), as well as DMD, both of which were higher in the 30R:70C treatment ( Table 2 ).
The CPI recommended by the NRC (2007) is 0.137 kg day -1 for the animal category analysed in this study, thus, the CPI was 19% lower than recommended in the 30R:70C treatment and 5% lower in the 70R:30C treatment. However, it should be noted that the extruded ration contains enough crude protein to meet the requirements of this nutrient (Table 1) , and that the NRC (2007) guidelines are based on different climatic conditions and on animals that are genetically different to those used in Brazil. Therefore, the NRC requirements can often be an overestimate for animals used in Brazil.
Regarding NDFI, Mertens (1987) proposed that ruminant animals should maintain an intake of NDF of around 1.2% of their body weight. Therefore, the study animals consuming the feed with 30R:70C had an NDFI that was only 14% lower than recommendations, and those consuming the feed with 70R:30C had an NDFI 28% higher. This difference could be directly related to the amount of fibrous fractions in the compositions of each feed, and to the DMI of each treatment ( Table 2) .
The digestibility values of neutral detergent fibre (NDFD) found in this study are less than the value recommended by Valadares Filho (1985) of approximately 50% . Valadares Filho (1985) explains that diets with high amounts of non-fibrous carbohydrates tend to have greater digestibility than those with high amounts of fibrous carbohydrates. This can be observed in the NDFD averages found in this study, in which the 30R:70C treatment obtained NDFD values that were approximately 28% higher than values in the 70R:30C treatment. This superiority can also be explained by associating the proportion of soluble carbohydrates in the 30R:70C treatment (Table 1) to the extrusion process. Extrusion expands the food matrix, making it more digestible and easily fermentable in the rumen. This increases the activity of the ruminal microbiota and therefore increases the overall digestibility of the feed.
In this study, the values of nutrient intake and NDFD can be directly linked to DMI and DMD (Table 2) . Specifically, the higher DMI observed in the treatment with 70% roughage was associated with a higher CPI, NDFI, CFDA and HEMI and with a lower NDFD. This association can be related to the composition of the 70R:30C ration -it had the largest fibrous fraction (Table 1) , thereby providing physical regulation of dry matter intake.
There was no difference found between treatments for: water intake, water consumption in relation to DMI, urine volume, urine density, and faecal score ( Table 3 ). The observed mean for water intake (H 2 O I) was 3.40 litres of water per day. Forbes (1968) proposed the following equation for calculating the daily water requirement for sheep through the DMI, H 2 O I = 3.86 × DMI -0.99. Using the average DMI found across both treatments, it is estimated that the recommended water intake during this study was 3.26 litres per day, and thus, the study animals ingested enough water. Table 3 . Effect of roughage:concentrate ratio on water intake (H 2 O I), water intake in relation to dry matter intake (H 2 O I/ DMI), urine volume (UV), urine density (UD), dry matter of faeces (DMF), faeces mass in natural matter (FMNM), and faecal score (FE) in sheep. The NRC (2007) established a relationship between the consumption of drinking water and the amount of dry matter ingested for sheep. It states that water consumption should be two to three times higher than the DMI, so according to this recommendation, the H 2 O I of the animals in this experiment was within normal ranges. Water can be obtained by animals from three sources: drinking water, water contained in food, and metabolic water derived from the catabolism of nutrients (ESMINGER et al., 1990) . This explains the observation of a higher H 2 O I in relation to DMI when extruded rations are used in lambs. The dry matter of extruded rations is high (Table 1) , and this necessitates greater intake of water per kilogram of food consumed.
Roughage
Urine is one form of water loss experienced by animals, and the volume of urine produced can be influenced by the age and size of the animal as well as by external factors such as water intake, excessive heat, and dehydration (CARVALHO, 2008) . Reece (2006) recommends that urine excretion should be between 100-400 mL for every 10 kg of live weight in sheep. As the final mean weight of the animals in this experiment was 29.6 ± 2.7 kg, the mean urinary excretion of 1030 mL day -1 was within recommendations. Urine density is defined as the concentration rate of the solution compared to the concentration of an equal volume of water, and is useful when assessing the ability of the kidneys to concentrate and dilute urine. Urine density reflects the action of the renal tubules and collecting ducts on the glomerular filtrate, and therefore, is an indirect measure of renal function (MEYER et al., 1992; ARAÚJO et al., 2009 ). In the two treatments used here, the values of urinary density remained within the standard of normality for sheep (1,015 -1,045 g mL -1 ) as described in Carvalho (2008) and Reece (2006) . This indicates that the animals in this experiment had adequate hydration and did not experience renal changes.
According to the scale proposed by Gomes (2008) a normal faecal score is 2, so the values found in this experiment were within normal limits. The evaluation of faecal score (shape and consistency) is an important indicator of changes in the gastrointestinal tract and has implications for the health and performance of animals (FERREIRA et al., 2013) . The animals fed the 30 R:70C ration had a lower mass in of natural matter and dry matter in the faeces (Table 3) , a result that may be associated with the lower DMI and higher digestibility observed for this treatment (Table 2) . This also indicates a greater utilisation of nutrients in this diet. Ferreira et al. (2013) also stated that the presence of fibre in a diet leaves the stool with a firmer consistency, and increases the amount of faeces excreted by the animal -this was observed in the 70R:30C treatment, which also had a higher consumption of NDF, ADF, and hemicellulose fractions, and, consequently, a higher weight of natural matter and dry matter in the faeces.
Nitrogen (N) excretion and intake were higher in the 70R:30C treatment, which also had a lower ratio between N retained and ingested (Table  4 ). Concentrated foods cause more fermentable nutrients to be present in the rumen, increasing the production of volatile fatty acids, and requiring a lower intake of nutrients -which explains the lower N intake in the 70% concentrate treatment. Geron et al. (2015) investigated the inclusion of concentrate in lamb rations (from 20 to 80%), and showed that there is also a drop in N intake as the content of concentrate in the diet increases. In this study, the average urinary excretion of N was approximately 33% below that found in the literature, ranging from 4.0 to 8.5 grams per day (HENRIQUE et al., 2003; MORENO et al., 2010; BRINGEL et al, 2011; MORGADO et al., 2014) . Nitrogen excreted via urine is in the form of urea, which forms in the liver from an excess of N that has been converted to ammonia in the rumen ( VAN SOEST, 1994) . As such, excreted N reflects a potential energy expenditure that has been metabolized but not used. Therefore, a lower concentration of N in the urine reflects a greater retention of N, indicating that the animal was able to take advantage of much of the protein present in the diet.
The mean value of faecal excretion in the literature ranges from 2.8 to 12.3 grams per day (HENRIQUE et al., 2003; MORENO et al., 2010; BRINGEL et al., 2011; MORGADO et al., 2014) . Medeiros and Marino (2015) explain that there is a form of nitrogen that is associated with the fibrous fraction of food and is probably bound to cell wall polysaccharides through covalent bonds -which explains its low solubility. This low solubility may be the reason for this fraction presenting lower rates of degradation in relation to other protein fractions, that is, the form that is not degraded passes through the digestive tract and is excreted in the faeces. These fractions are defined as Neutral Detergent Insoluble Nitrogen (NDIN) and Acid Detergent Insoluble Nitrogen (ADIN). This may explain the higher faecal excretion of N observed in the treatment 70R:30C, since this was the treatment with a higher content of fibre in the diet (Table 1) , with a higher DMI and lower DMD (Table 2) , and with a higher NDFI and lower NDFD (Table 5 ). CPI: crude protein intake, in kg day -1 ; NDFI: neutral detergent fibre intake, in kg day -1 ; NDFI%BW: neutral detergent fibre intake in relation to body weight, in %; ADFI: acid detergent fibre intake, in kg day -1 ; HEMI: hemicellulose intake, in kg day -1 ; CPD: crude protein digestibility, in %; NDFD: neutral detergent fibre digestibility, in %; CV: coefficient of variation. Different letters (A, B) indicate values that differ by Tukey's Test at 5% significance.
A higher ratio between N retained and N ingested was observed in the 30R:70C treatment, demonstrating that there was better nutrient utilisation in this treatment; faecal excretion was also lower. This higher use of N may be characteristic of the composition of the 30R:70C ration (Table 1), in that it presents a higher concentration of non-fibrous carbohydrates that would be able to be associated with the extrusion process; the highest DMD was also observed in this treatment (Table 2) . Moreno et al. (2010) explained that an increase in concentrate content, regardless of the type of roughage, is reflected in a higher nitrogen uptake and retention. This is because while intake and digestibility are more related to the proportion of roughage in the diet, nitrogen balance or retained nitrogen is highly influenced by the content of concentrate in the diet. This may explain the higher ratio between retained and ingested found in the 30R:70C treatment.
Conclusions
The use of extruded feed comprising 30% roughage and 70% concentrate results in a lower consumption of feed, a higher digestibility of dry matter and neutral detergent fibre, and a better use of nitrogen.
